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Abstract:  
1,2,5-oxadiazols (furazanes) and their N-oxides are high-energy compounds. 4,4’-Dinitro-3,3’-
diazenofuroxan is a powerful high-density high-explosives with performance comparable to that of other 
high-density high-explosives. Presently, isomers of trans-dinitrodiazenofuroxan are considered at the levels of 
B3LYP/6-31G (d, p) and B3LYP/cc-PVTZ. Various geometrical and quantum chemical characteristics obtained 
are discussed. For the density calculations and mono ionic forms of these isomers UB3LYP/6-31G(d,p) and  
UB3LYP/6-31+G(d) type calculations have been performed, respectively. These ionic species are also found to 
be stable. Calculated IR, UV-VIS, and 13C spectra are discussed. 
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Introduction 
Among high-energy (HE) compounds, of special interest 1,2,5-oxadiazols (furazanes) and their N-oxides [1-3]. 
Furoxans are convenient building blocks (synthones) of molecules of powerful explosives. The addition of 
explosophoric groups to furoxans results in a number of highly effective compounds. This is due to the fact 
that the furoxan ring has a flat structure, which provides high density and is characterized by a positive 
enthalpy of formation. The element composition of the furoxan cycle in latent form is similar to that of the 
nitrozo groups with weak nitrogen–oxygen bonds, in contrast to the strong nitrogen–oxygen bonds in the 
nitro groups of nitro compounds. The high positive enthalpy of formation of furoxan compounds is due to the 
presence of active oxygen atoms in the furoxan cycle and the low energy of binding of oxygen atoms to 
nitrogen. Thermo chemical studies [4-9] have made it possible to reveal the high endothermic enthalpy of 
formation of compounds of the furoxan series and, based on experiment, to evaluate the dissociation energy 
of the nitrogen–oxygen bond to be equal to 240–255 kJ/mole [4-9]. Xia et al., computationally investigated  
the properties of double furazan-based and furoxan-based energetic materials [10]. 
 The study of the detonation parameters has shown that explosives of the furoxan series have a wide range of 
power and detonation characteristics and a breakthrough detonation velocity of 10 km/sec, (for single crystal 
density of 2.00 g/cm3) which even surpasses the detonation velocity of HMX [11]. Powerful explosives of the 
furoxan series have a common drawback of high sensitivity [12]. However, relatively safe explosives in this 
series can be designed by reducing the power, stabilizing the molecules, and introducing amino groups 
capable of forming hydrogen bonds. 
Dinitrodifuroxanyl (C4N6O8) belongs to the class of hydrogen-free explosives of furoxan series [12]. It 
substantially exceeds HMX in both the density and detonation velocity. 4,4’-Dinitro-3,3’-diazenofuroxan 
obtained by Ovchinnikov et al., [13] is an analogue of dinitrodifuroxanyl, but its molecule contains one extra 
explosophoric group, azo group. This compound is considered to be the most powerful among the existing 
explosives. Experimental data on explosion excitation and detonatability [14] are indicative of its high 
sensitivity and explosiveness. 
Dinitrodiazenofuroxan is an example of how a high energy content due to weak chemical bonds, which 
manifests itself in an extremely high enthalpy of formation, on the one hand, provides record detonation 
characteristics and, on the other, makes the HE unsuitable for practical use [15]. 4,4’-Dinitro-3,3’-
diazenofuroxan (DDF) is a powerful experimental high explosive with performance comparable to that of other 
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high-density high-explosives such as octanitrocubane. It is synthesised by oxidative coupling of 4-amino-3-
(azidocarbonyl)furoxan followed by Curtius rearrangement and further oxidation. 
Coburn studied synthesis and unusual NMR spectra of 4,4′-dinitro-3,3′-bifurazanyl-4,4′-13C [16]. 
In the present study, trans-dinitrodiazenofroxane constitutional isomers have been investigated quantum 
chemically in the realm of density functional theory (DFT). 
Method of calculation 
In the present treatise, the geometry optimizations of the structures under consideration leading to energy 
minima were achieved by performing MM2 molecular mechanics calculations   followed   by   PM3, HF (using 
hierarchical order of basis sets) and then closed  shell  density  functional theory (DFT) [17] calculations using 
B3LYP hybrid exchange-correlation potential [18] employing  6-31G(d,p) and  cc-PVTZ  basis sets [19,20]. The 
exchange term of B3LYP consists of hybrid Hartree-Fock and local spin density (LSD) exchange functions with 
Becke’s gradient correlation to LSD exchange [21]. The correlation term of B3LYP consists of the Vosko, Wilk, 
Nusair (VWN3) local correlation functional [22] and Lee, Yang, Parr (LYP) correlation correction functional [23]. 
The BLYP method gives a better improvement over the SCF-HF results. The optimizations in the present study 
have been obtained by the use of SPARTAN 06 program [24]. For the density calculations UB3LYP/6-31G(d, p) 
treatment was employed. 13C shift values were calculated at the level of B3LYP/6-31G (d, p). For the charged 
forms of the isomers UB3LYP/6-31+G(d) level of calculation was adopted. 
Results and discussion 
Structures 
Three constitutional isomers of trans-dinitrodiazenofruxan are differentiated. They have 4,4’-, 3,4’- and 3,3’-
azenofuroxan backbone having mononitro isomers (see Figure 1). The first and third ones are symmetrical 
structures whereas the second one asymmetrical structure based on the furoxanyl rings. Actually, arising from 
the positions of the nitro group and the point of linkage to azo bridge. Figure 1 indicates that in each 
optimized structure, the furoxanyl groups are not coplanar but oblique with respect to each other. 
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Figure 1. The isomers and their optimized structures of the present concern (B3LYP/6-31G (d, p). All belong to 
C1 point group). 
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trans-Dinitrodiazenofroxan and its constitutional isomers are analogous to benzofuroxan (BFO). Some 
chemistry of such compounds has been reported in the literature [25]. Some computational studies on BFO  
also exist in the literature [26-28].       Zhu et al., using B3LYP/ 6-311+G (d, p) level of density functional theory 
calculated some quantum chemical properties of CL-14 and some others which possess furoxan ring system 
[29].  
Furoxan ring undergoes ring opening and reclosure in certain substituted benzofuroxans to give isomeric 
compounds [30-32]. In that sense, structure I and II are possibly interconvertible to each other. Structures II 
and III should be also interconvertible via ring opening and reclosure processes. Therefore, via structure II 
structures 1 and III might be interconvertible. 
Figure 2 displays the bond lengths of the structures considered. The data reveal that the bond lengths are 
highly structure dependent but varies little for each bond considered. 
 
 
Figure 2. Bond lengths (Å) of the structures (B3LYP/6-31G(d,p)). 
Electrostatic charge distribution some other properties. 
Figure 3 shows the electrostatic (ESP) charge distribution. The ESP charges are obtained by the program based 
on a numerical method that generates charges that reproduce the electrostatic potential field from the entire 
wavefunction [24]. 
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Figure 3. Electrostatic charges (ESP) on the atoms of isomers concerned (B3LYP/6-31G(d,p)). 
The figure indicates that azo nitrogens in each isomer are negatively charged but in unequal magnitudes. The 
charges on the other atoms of furoxanyl rings of each isomer are also differ even in the structures having the 
same type furoxanyl ring system. This fact is due to imperfect conjugation of the rings with the azo linkage 
arising from deviation from the coplanarity. This fact also influences the 13C chemical shift values (see Figure 
4). 
Table 1 shows some properties of the isomers considered. The order of dipole moments follows the sequence 
of II>III>I. Note that II is asymmetrical isomer. The direction of the dipole moment vector differs from one 
isomer to the other (see Figure 1). Heat of formation data reveals that they are all endothermic structures. 
Both of PM3// B3LYP/6-31G (d, p) and PM3// B3LYP/cc-PVTZ treatments yield ΔHf° values in the order of 
III>II>I. 
The volumes predicted are not very different from each other and have the order of III>I>II for these isomeric 
compounds. So, the densities should be close to each other but the reverse order, namely II>I>III. 
Table 1 .  Some Properties of the isomeric structures considered. 
No Dipole 
moment 
(Debye) 
Area 
(Å2) 
Volume 
(Å3) 
Polarizability log P Cv 
J/mol 
Heat of 
formation 
kJ/mol 
 
I 1.69 234.38 
233.76 
 191.25 
190.55 
55.96 
55.88 
5.68 
5.68 
173.43 
173.24 
812.192 
812.203 
863.900 
II 2.32 234.38 
234.34 
191.21 
190.54 
56.02 
55.95 
5.68 
5.68 
173.00 
172.86 
826.060 
824.560 
847.760 
III 2.20 234.76 
234.70 
1.91.30 
190.61 
56.10 
56.04 
5.68 
5.68 
173.06 
172.89 
849.088 
847.528 
833.030 
In each row, the first and second entry data are based on B3LYP/6-31G(d,p) and B3LYP/cc-PVTZ 
optimized structures, respectively. The heat of formation data are sequentially, PM3// B3LYP/6-
31G(d,p), PM3// B3LYP/cc-PVTZ and T1 calculations for the heat of formation values. 
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Energies and stabilities 
Table 2 tabulates some energies of the isomers where E, ZPE, and Ec stand for the total electronic energy, zero-
point vibrational energy, and ZPE-corrected total electronic energy, respectively. Note that one obtains the 
same stability order of the isomers as III>II>I by using either 6-31G(d,p) or cc-PVTZ basis sets. It is to be 
mentioned that these isomers differ from each other due to different linkage positions of the furoxanyl rings 
to the azo group and different positions of nitro groups with respect to N-oxide moieties. Combined effects of 
these two structural variations electronically dictate the calculated stability order obtained. Table 3 includes 
some energies as well as the densities calculated. Although Table 3 is constructed mainly for the density 
calculations based on eq.1 [33] which required UB3LYP/6-31G(d,p) level of calculations, Ec values (in au) 
obtained also yield the same stability order as the level of calculations mentioned in Table 2. 
Table 2.  Some energies of the isomeric structures considered. 
 B3LYP/6-31G(d,p) B3LYP/ cc-PVTZ 
No E ZPE Ec E ZPE Ec 
I -3128549.79 242.96 -3128306.82 -3129703.53 241.83 -3129461.69 
II -3128562.96 243.71 -3128319.24 -3129718.41 242.44 -3129475.97 
III -3128575.95 243.19 -3128332.76 -3129731.47 241.99 -3129489.48 
Energies in kJ/mol. 
Although, the densities of these isomers are very comparable up to four digits the sequence III>II>I. 
Table  3.  Some energies of the isomeric structures considered (UB3LYP/6-31G(d,p)). 
No E ZPE Ec d (g/cm3) 
I -1191.6931 0.092561 -1191.6006 1.877835 
II -1191.6981 0.092814 -1191.6053 1.877846 
III -1191.7031 0.092613 -1191.6105 1.877857 
Energies in au.        
8264.0)/(6538.0 −−= MEd                (1) 
Figure 4 shows the calculated ((B3LYP/6-31G(d,p)) 13C chemical shift values of the isomers of present interest. 
In structure I, the chemical shift values are the same for each furoxanyl rings, whereas this is not the case in 
isomers II and III. Note that in structure III carbons linked to N=N group are much less deshielded than the 
carbons of the other isomers. It is related to charge distribution (see Figure 3). 
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Figure 4. 13C chemical shift values of the isomers of present interest ((B3LYP/6-31G(d,p)). 
Molecular orbital energies 
Table 4 includes some molecular orbital energies as well as the interfrontier molecular orbital energy gaps 
(Δε= εLUMO- εHOMO) of the isomers considered.  The HOMO energy level of the isomers follows the order of 
III>II>I for each kind of basis set used. Whereas, a reverse order exists for the LUMO energy order that is 
I>II>III by  either of the basis sets. Then, the interfrontier molecular orbital energy gaps constitute the order of 
I>II>III. Note that this is the same with LUMO energy order. 
Table 4.  Some molecular orbital energies and the interfrontier molecular orbital energy gaps of the 
structures considered. 
 B3LYP/6-31G(d,p) B3LYP/ cc-PVTZ 
No HOMO LUMO Δε HOMO LUMO Δε 
I -795.05 -415.01 380.04 -809.11 -421.11 388.00 
II -777.09 -423.70 353.39 -793.42 -434.95 358.46 
III -751.17 -428.54 322.62 -766.84 -442.112 324.72 
Energies in kJ/mol.        
Figure 5 displays the distribution of some of the molecular orbital energies at two different level of 
calculations. 
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Figure 5. Some of the molecular orbital energy levels of the structures considered. 
IR and UV-VIS spectra 
Figure 6 stands for the IR spectra of the isomers calculated at the level of B3LYP/cc-PVTZ. However, the  IR 
spectra obtained by B3LYP/6-31G(d,p) treatment are also very similar to spectra displayed in Figure 6. 
Therefore, only the spectra belonging to one kind of them are shown. 
Figure 7 shows the UV (time-dependent DFT) spectra of the isomers obtained at the level of B3LYP/cc-PVTZ. 
Both of the basis sets used produce the same pattern for any of the isomers investigated. The absorptions 
spread over UV and VIS regions. 
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Figure 6. IR spectra of the isomers concerned (B3LYP/cc-PVTZ). 
 
 
 
Figure 7. UV-VIS spectra of the isomers concerned (B3LYP/cc-PVTZ). 
Charged forms 
Safety has prime importance in the case of explosive materials. Explosives, like every object, have an inherent 
electrical field as a result of the electrons in the material. Static electricity may accumulate on materials by 
various means and may cause polarization/ionization of some molecules in the bulk, which may act as hot 
points to initiate some decomposition reactions [34-36]. In the present study, mono ionic forms of  trans-
dinitrodiazenofruxane constitutional isomers have been considered as well (UB3LYP/6-31+G(d) type 
calculations). Figures 8  stands for the optimized structures of the mono anions and cations of the presently 
considered structures. As seen in the figure both the anions and cations considered have intact bonds (no 
cleavage occurs) and all the monoionic species have reasonable bond lengths. Due to obvious reasons 
direction of the dipole moments are different for the anion and  cation of the same compound. The N=N 
bond in anions is 1.33 Å whereas in the case of cations it varies between 1.24-1.26 Å.  Note that in the neutral 
state of these structures the N=N bond varies in between 1.25-1.27 Å (at the same level of calculations, 
UB3LYP/6-31+G(d)). To explain the elongation of  that bond, ESP charges have been calculated and shown in 
Figure 9. In the case of  anions the N=N nitrogens have negative charges whereas in the cationic forms with 
III 
III 
II 
I 
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the exception of structure –I have opposite charges. Note that in the neutral forms of these structures the 
nitrogens of N=N bond are negatively charged (UB3LYP/6-31+G(d)) but their magnitudes are less than the 
respective structures in the anion form. Thus, more repulsive interaction makes that bond longer in the anions 
compared to neutral as well as cation forms in which opposite charges reside. 
 
 
     
 
 
 
 
     
 
Figure 8. Optimized structures of the mono anions and cations (UB3LYP/6-31+G(d)) level of calculations 
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Figure 9. Electrostatic charges (ESP) on the atoms of  charged isomers concerned 
(UB3LYP/6-31+G(d,)). 
Various energies of the mono anions and cations of the structures considered are shown in Table 5. The data 
reveals that stability orders of the cations and anions are the same as III>II>I, which is the stability order of 
their neutral parent forms. The stability exhibited by these ionic forms implies as a first approximation that the 
isomers should be insensitive to electrostatic discharge up to a certain potential. 
Table 5. Various energies of the mono anions and cations of the structures considered.  
 Cation Anion 
Structure E ZPE Ec E ZPE Ec 
I -3127749.59 235.70 -3127513.89  -3129018.47 236.87 -3128781.60 
II -3127772.46 237.91 -3127534.55  -3129027.68 236.06 -3128791.62 
III -3127790.85 239.23 -3127551.62  -3129032.10 233.17 -3128798.93 
Energies in kJ/mol.  UB3LYP/6-31+G(d)level of calculations. 
Table 6 shows Some molecular orbital energies and the interfrontier molecular orbital energy gap (Δε )  of the  
monoionic structures considered. For the anions the HOMO and LUMO energy orders are the same as I<II<III. 
As for the cations the HOMO and LUMO energy orders follow the same trend as  III<II<I.  The interfrontier 
molecular orbital energy gaps for the anions and cations are I>II>III and I>III>II, respectively. 
Mono cations 
I II 
III 
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Table  6.  Table 6. Some molecular orbital energies and the interfrontier molecular orbital energy gap 
(Δε )  of the monoionic structures considered. 
 Anion Cation 
No HOMO LUMO Δε HOMO LUMO Δε 
I -226.13 -52.26 
173.87 
-1193.42 -921.39 
272.03 
II -208.33 -43.14 165.19 -1198.20 -932.61 265.59 
III -191.40 -38.03 153.38 -1226.83 -957.92 268.90 
Energies in kJ/mol.     UB3LYP/6-31+G(d) level.   
Conclusion 
Isomers of  trans-dinitrodiazenofuroxan are considered at various level of calculations within the constraints of 
density functional theory. The stability order of isomers in each case is found to be III>II>I . Various 
geometrical and quantum chemical characteristics obtained are discussed. The order of dipole moments 
follows the sequence of II>III>I. Calculated IR and UV-VIS spectra are discussed. For the mono ionic forms of 
these isomers UB3LYP/6-31+G(d) type calculations have been performed. These ionic species are also found 
to be stable, and the stability orders of the cations and anions are the same as III>II>I, which is the stability 
order of their neutral parent forms. 
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